Within the range of heel retrieval rates and capital costs considered in this study, the additional cost of retrieving 99% of the UST waste at Hanford, versus the baseline effort of past practice sluicing (PPS) for single-shell tanks (SSTs) and mixer pumps (MPs) for double-shell tanks (DSTs), is $2.2-to $4,8-billion. It has been assumed for this study that PPS is capable of retrieving only 85% of the SST waste (Reference l), and MPs are capable of retrieving only 90% of the DST waste (Reference 2). Figure 1 displays the constituents of the additional costs. The minimum rate is defined as (1/4)xPPS for SSTs and (1/2)xPPS for DSTs, and the maximum rate is defined as (1/2)xPPS for SSTs and (1)xPPS for DSTs. The minimum additional capital cost is defined as $1-million per tank and the maximum as $10-million per tank, with no additional infrastructure capital costs. The basis for these performance bounds are discussed later in this report.
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Draft Draft
This effort was intended to lead to further studies based on cost and performance data for specific heel retrieval technologies. Assumptions were made to greatly simplify the retrieval scenarios of this effort. These assumptions have been clearly stated so that the conclusions can be viewed in their context.
-
Approximately 100 million gallons (-400,000 m3) of existing U.S. Department of Energy (DOE) owned radioactive waste stored in underground tanks can not be disposed of as low-level waste (LLW). The current plan for disposal of UST waste which can not be disposed of as LLW is immobilization as glass and permanent storage in an underground repository. Disposal of LLW generally can be done sub-surface at the point of origin. Consequently, LLW is significantly less expensive to dispose of than that requiring an underground repository. Due to the lower cost for LLW disposal, it is advantageous to separate the 100 million gallons of waste into a small volume of high-level waste (HLW) and a large volume of LLW. Figure 2 shows the Sites at which this waste is located, and their relative volumes and activities (i.e. curies). Of the 100 million gallons of waste stored in underground tanks, approximately 65 million is located at the Hanford Site. The waste at Hanford is stored in single-shell and double-shell tanks. Neutralization was performed on the initial acidic waste to provide compatibility with the carbon steel USTs. Following neutralization, a sludge-like precipitant formed which settled on the bottom of USTs. In addition to the sludge, volume reduction of the neutralized liquid by evaporation created a crystalline-like material referred to as salt cake, and a pre-salt cake condition referred to as slurry. Most of the SST liquid waste remaining after neutralization has been pumped into the DSTs due to the SST reputation for leaking. Past-practice sluicing (PPS) is the baseline technology for retrieving the remaining sludge and salt cake from the SSTs at
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Hanford. The baseline technology for retrieval of DST waste at Hanford is mixer-pumps (MPs). Figure 3 shows the distribution of waste in USTs throughout the DOE complex. Significant quantities of waste in underground tanks currently exists at four DOE sites: (1) Hanford, (2) Savannah River, (3) Idaho Falls, and (4) Oak Ridge. Of these DOE sites, only the Hanford site has been considered for this cost study. However, the modeling used for this study is applicable to the other Sites as well. Due to the large portion of DOE waste which is currently located at Hanford, it was chosen as the site for this study. 
Assumptions
GENERAL
SPECZFZCS
Retrieval
SSTs will be retrieved by PPS/ transfer pumps DSTs will be retrieved by MPs/ transfer pumps -the sluicing rate will average 14.4 m3/day (TWRS Flowsheet, Appendix B)
-the sluicing is rate limiting rather than the transfer pump rate -initial immobilization prior to transfer will average 200 hrs/tank (Reference 1, Section -the transfer pump will control operating time following immobilization at 75 g a m i n -total capital cost for retrieval is $5.1 billion (Reference 9, Case Beta Costs) -capital cost for retrieval per tank is simply the total site capital cost for retrieval divided by the number of tanks to be retrieved, since most of the retrieval cost is in infrastructure.
. mixer pumps cost -$1 million
. sluicing equipment is similar in cost or less than mixer pumps . transfer pumps are similar in cost or less than mixer pumps -total operating cost for retrieval is $3.7 billion (Reference 9, Case Beta Costs)
. the cost per operating hour is based on yielding $3.7 billion for retrieval of all . equipment availability is 50% (similar to TWRS Flowsheet) 
Analvses/Results
Tank Closure
The material balances for remediation of Hanford waste are approximated in Figure 5 , and are based on the TWRS Flowsheet. The masses shown in Figure 5 represent the most significant waste constituents requiring final disposal (disposed-waste), i.e. aluminum, chromium, iron and sodium. It has been assumed for this study that separation fractions occurring at each box of The costs shown in Figure 6 were derived from The costs from Table 1 were converted to those of Figure 6 as follows:
Radionuclide Separation - (Figure 6) [cesium removal + (1/3)(central facilities)] - (Table 1) Non Radionuclide Separation - (Figure 6 ) sludge washing - (Table 1 ) LLW Immobilization - (Figure 6) [LLW vitrification + (1/3)(central facilities)] - (Table 1) LLW Disposal - (Figure 6 ) LLW disposal - (Table 1) --Na2S04 --
-.
-- The processing and disposal costs for each tank can now be calculated based on Figure 7 of this report, and as shown for Tank S107.
disposed-waste liquid sludge salt cake Table 4 summarizes the processing and disposal costs for tank S107. 
